Abstract. This work presents an optimization study of polyphenol extraction from L. pumila with aid of sonication. The polyphenol content was evaluated using Singleton's method and aluminium chloride colorimetric assay. The two level factorial design 
Introduction
Labisia pumila, locally termed as Kacip Fatimah [Family: Myrsinaceae] is an herb in Malaysia that is common among the Malay traditional healers. The leaves, roots or the whole plant was extracted through boiling and the water were used for medication [1] . Now, its distribution covers most of the South East-Asia region. It is reported that L. pumila possesses capabilities in shrinking the uterus, relieve postmenopausal symptoms, facilitate labour and regain body strength. In most of the cases, it is used among the women as the phytoestrogen effects exhibits by the plant have similar structure as estrogen. Besides, it is reported for the treatment of dysentery, dysmenorrheal, flatulence, and gonorrhea [2] . All these properties were influenced by the valuable polyphenols.
Extraction of polyphenols from plants often involves solvent extraction technique and the yield varies depending on the polarity of the solvent and extraction parameters. Conventional extraction such as maceration involves heating at longer duration causes the loss of components due to hydrolysis, oxidation and degradation [3] . The use of ultrasonic assisted extraction [UAE] reduced the extraction time and exposure to excessive heat. Conventional extraction involves the mass transfer [from inside to outside] and heat transfer at the opposite direction that behaves as the drawback and reduces the yield. In UAE, ultrasound induced cell lyces and facilitates the release of contents. This results in process acceleration and higher yield.
Several researchers used the central composite design [CCD] to optimize extraction yield of plants [4, 5, 6] . Barizao et al. [7] studied the extraction of oil from pomegranate seed via response surface methodology [RSM] and CCD involving parameters such as solid-to-solvent ratio, extraction temperature, and time. Arnáiz et al. [8] performed optimization of phenolic and antioxidant extraction from broccoli leaves. They reported that the antioxidant activity and total phenolic content [TPC] of the optimized condition (i.e. pressure 50 bars, temperature 35 °C, 20% ethanol [EtOH] and 10 min) via CCD was more prominent than that without. Therefore, in this work, the UAE method was employed to optimize and maximize the recovery of the total flavonoid content [TFC] and TPC via full factorial design and RSM.
Materials and Methods
Plant Material. L. pumila was procured from a trader, were dried in oven at 37°C for 3 days [no significant change in weight] and grounded into powder using blender. The powder was preserved in an air-tight plastic in desiccator to inhibit moisture absorption.
Ultrasonic Assisted Extraction [UAE]. Extracts were prepared using Qsonica Q700 equipped with a standard probe according to the setup for the two level factorial [2LF] and CCD design. A volume of 100mL of solvent were added into wieghted powder. The mixture were then immediately sonicated according to the designed run. The supernatant was then separated by filtration via Whatman No. 1 filter paper. The extracts was stored at -80°C prior to TFC and TPC analysis.
Total Flavonoids Content [TFC] and Total Phenolic Content [TPC]
Analysis. TFC was measured by the aluminum chloride colorimetric assay [9] . The flavonoid content was expressed as mg quercetin equivalents per gram dry weight [mg QE/g DW] by comparing with the calibration curve for quercetin. TPC of the extract was determined spectrophotometrically using the Singleton's method. TPC was expressed as mg gallic acid equivalent per gram dry weight [mg GAE/g DW] by comparing with the calibration curve for gallic acid.
Experimental Design. 3 ] are the most significance variables to obtain optimum recovery of TFC and TPC. The the range for each variables, x 1, x 2 and x 3 , were, 0.02 to 0.07%, 2 to 9 min and 20 to 90%, respectively. Optimization study. The optimization criteria chosen was a maximum recovery of TFC and TPC, whereas all the variables were set in range. The desirability value for the optimum condition is 0.998 which is closer to the perfect value of 1.0. The optimum point is considered good because it is located within the range of variables studied [ Fig. 1 ]. The total of 20 runs in the CCD model contributed towards this result. Therefore, the optimized condition suggested for the recovery of both flavonoids (21.77 mg QE/g DW) and phenolics (21.86 mg GAE/g DW) is with the TSR of 0.01 for the duration of 13 min at the amplitude of 55 and 100mL of 10% EtOH. 
Results and Discussion

Conclusion
Combination of the full factorial design, RSM and CCD permitted the localization of the variables that influence the recovery of flavonoids and phenolics. The study managed to identify, optimize and maximize the extraction of total flavonoids and phenolics from L. pumila via ultrasonic probe. Time and TSR were found to have more influence rather than solvent concentration and volume, and amplitude. Analysis showed that interaction among variables had less influence on the recovery of polyphenols. This implies that the effect of each factor was not significantly altered due to other variables. From the prediction model, an optimum flavonoids and phenolic extraction efficiency of 21.8 mg QE/ g DW and phenolic 21.9 mg GA/g DW were achieved via probe sonicator extraction with desirability of 0.998 at 10% aqueous EtOH, residence time of 13 min and amplitude of 55%.
